A cute aortic dissection is a life-threatening emergency, accounting for o in 2000 presentations of acute chest/back pain. 1 If untreated, mortality increases by 1% to 2% every hour from initial presentation and may reach a high of 40% in the acute period and 70% in 2 weeks. 2, 3 Emergency medicine physicians fail to diagnose aortic dissection in 38% of cases and in those they correctly identify, 25% remain undiagnosed for greater than 24 hours. [3] [4] [5] [6] [7] [8] Patients who are often missed include those presenting without classic features of aortic dissection (pulse deficit, widened mediastinum) or signs of an alternative diagnosis such as acute coronary syndrome (electrocardiogram evidence of ischemia, anterior chest pain) or those who appear well (walk in patients). [3] [4] [5] [6] [7] [8] Although 90% of aortic dissection patients present with pain, it is difficult to identify these cases when taken in context of the vast number of other patients also presenting with acute pain from an alternative cause. 3 The varying location of the dissection and the involvement of branch vessels give rise to a myriad of associated symptoms. Chest, back, and abdominal pain are all common emergency department (ED) complaints while aortic dissection is quite rare so choosing wisely those who require advanced testing is challenging.
The most comprehensive study on clinical presentation of acute aortic dissection is the International Registry of Acute Aortic Dissection (IRAD), a multicenter research coalition founded in 1996 that continuously evaluates the management and outcomes of acute aortic dissection. 3 This large international prospective case series presents data only on patients diagnosed with acute aortic dissection; thus it is impossible to ascertain specificity of reported clinical findings. There has been one previous systematic review by Klompas in 2002. 9 Our objective was to conduct an updated systematic review and meta-analysis to assess the diagnostic accuracy in acute aortic dissection of history, physical, and plain radiographs compared to advanced imaging in adult patients presenting to the ED with a clinical suspicion of acute aortic dissection.
METHODS

Data Sources and Search Strategy
An electronic search was performed by a trained librarian on PubMed, EMBASE, and Cochrane Library databases (January 1968 to July 4, 2016) . A combination of keywords and Medical Subject Heading (MeSH) terms were used, including aneurysm, dissecting, aortic dissection, medical history, Bayes theorem, sensitivity, specificity, reproducibility of results, physical examination, clinical examination, and diagnostic tests (Data Supplement S1, Table A-1, available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley.com/doi/10.1111/acem.13360/full). 10 A citation search of included articles was undertaken using Google Scholar. The references of included studies were also hand-searched for relevant papers. No language or age restrictions were placed on the searches. Where data were not clear from the published study materials, authors were contacted for clarification. The incremental value of searching in languages other than English and in the so-called gray literature has not yet been fully investigated. 11 However, given the bias reported in meta-analyses of interventional studies we performed a search of gray literature sources. 12 We searched OpenSiGLE for conference abstracts, and ProQuest and DissOnline for dissertations and theses. This study was not registered. This study was reported according to PRISMA guidelines. 13 
Study Selection
We included studies that met the following criteria: 1) adult patients presenting to an ED with suspected acute aortic dissection; 2) test-history, physical examination, basic investigations (chest x-ray, white blood cell count, or electrocardiogram), or decision aid combining those elements described in adequate detail to generate 2 9 2 table; 3) reference standard-computed tomography (CT), magnetic resonance imaging (MRI), transesophageal echocardiography (TEE), or aortography; and 4) outcome-diagnosis of acute aortic dissection on advanced imaging.
The focus of this review was initial examination of the undifferentiated patient with potential acute aortic dissection. Studies enrolling patients with a confirmed diagnosis of acute aortic dissection were excluded, as accuracy and prevalence of clinical factors in this population can be overestimated. 14 We did not exclude patients who had been transferred from the ED to a decision unit or coronary care unit for workup of suspected acute aortic dissection. Risk of bias was assessed using the Quality Assessment Tool for Diagnostic Accuracy Studies (QUADAS-2; quality assessment of studies of diagnostic accuracy included in systematic reviews) tool as per Cochrane collaborative recommendations. 15 Studies with a high risk of bias were excluded. High risk of bias was defined as those with inclusion criteria not representative of our predefined study population. A priori decision was made to exclude studies that required a blood test such as D-dimer as part of their inclusion criteria. In addition studies which were case-control in nature with controls defined by a specific diagnosis such as acute coronary syndrome or pulmonary embolism.
Two reviewers (RO and HK) completed the review process. The inclusion criteria were defined a priori. RO and HK independently reviewed titles and abstracts, after which each reviewer's included studies were compared and the measure of agreement was calculated using kappa statistic. Agreed-upon full-text articles were retrieved and reviewed independently by RO
and HK for inclusion. Each reviewer extracted data from included studies independently. Disagreements in included studies or data extraction were resolved through discussion and where agreement could not be reached through arbitration by a third reviewer (JP).
Quality Assessment
Quality assessments of included papers were assessed using QUADAS-2 tool and the risk of bias table in Review Manager 5 software from the Cochrane collaboration. 16, 17 The quality assessment was independently performed by two investigators (RO and HK) and any disagreements were resolved by discussion.
Individual Evidence Quality Appraisal
Two authors (RO, HK) independently used the QUADAS-2 for systematic reviews to evaluate the quality of evidence for the studies identified. These two authors used several a priori conditions to evaluate an individual study's risk of bias and degree of applicability.
Domain 1-Patient selection
Risk of Bias. In the assessment of "inappropriate exclusions" reviewers assessed whether a study's inclusion and exclusion criteria led investigators to evaluate suspected acute aortic dissection patients who were more or less acutely ill than those typically evaluated in ED settings, which could introduce spectrum bias or spectrum effect and skew observed estimates of sensitivity (with sicker populations) or specificity (with less sick populations) upwards. 18 If studies reported inappropriate exclusion criteria they were marked as high, if no exclusion criteria were reported they were marked as unclear and if appropriate inclusion criteria were reported they were marked as low risk.
Applicability Concerns. If studies reported extensive testing and risk stratification prior to entering the study applicability concerns were high. If testing prior to enrolment was unclear such as in those referred or admitted for investigation of aortic dissection concerns were marked as unclear.
Domain 2: Index Tests
If the symptoms were not described in such detail to allow reproducibility of the index test (i.e., acute onset [<2 minutes or <1 hour or pulse deficit [absent vs. diminished]) applicability was assessed as unclear.
Domain 3: Criterion Standard
Studies that patients did not undergo one of the acceptable reference standards (CT, MRI, TEE, aortography) were marked as high risk.
Domain 4: Flow and Timing
Misclassification may occur if index tests are assessed at different time intervals. A delay may lead to progression of the dissection. 19 A more advanced disease may exhibit a wider range of signs and symptoms, such as hypotension secondary to rupture or tamponade. Studies that recorded signs and symptoms > 14 days from presentation were marked as high risk.
Diagnostic Accuracy: Data Extraction and Data Analysis For the diagnostic accuracy (discrimination performance) of clinical examination, data were extracted and compared to the diagnosis of aortic dissection as defined by a reference standard (i.e. CT or TEE). Two reviewers (RO and HK) independently extracted data using a standardized data collection tool. The extracted data was then compared.
A bivariate random-effects model was used to compute summary diagnostic sensitivity, specificity, and likelihood ratios, which allowed for heterogeneity beyond chance as a result of clinical and methodologic differences between the studies. Study heterogeneity is displayed through both confidence intervals (CIs) and I 2 . The broad quantification of heterogeneity using the I 2 statistic is low if < 25%, moderate 25% to 50%, and high if > 75%. 11 In addition, heterogeneity was visually assessed with forest plots. Where heterogeneity was found and greater than five studies were included, causes were explored by subgroup analysis and by comparing nested models using meta-regression analysis. Studies were not pooled if significant clinical or statistical (I 2 > 25%) heterogeneity. The reason for this is elegantly explained by Borenstein et al. 20 Unlike the fixed-effect analysis, where the estimate of the error is based on sampling theory (and therefore reliable), in a random-effects analysis, our estimate of the error may itself be unreliable. Specifically, when based on a small number of studies the estimate between studies variances may be substantially in error. The standard error of the summary effect is based (in part) on this value, and therefore, if we present a summary effect with CI, not only is the point estimate likely to be wrong but the CI may provide a false sense of assurance.
A separate problem is that in a random-effects analysis, our understanding of the dispersion affects not only our estimate of the summary effect but also the thrust of the analysis. In other words, if the effect were consistent across studies we would report that the effect is robust. By contrast, if the effect varies substantially from study to study we would want to consider the impact of the dispersion. The problem is that when we have only a few studies to work with, we may not know what the dispersion actually looks like. This suggests that if the number of studies is small enough it might be better not to summarize them statistically. 20 Analyses were carried out using SAS software using the "metadas" command, in addition to REVMAN 5 and Meta-Disc. 21, 22 Results are presented as sensitivity and specificity as well as positive and negative likelihood ratios (LR+ and LR-, respectively). When only two studies were found for a specific index test, results were reported as ranges. Clinical predictors of acute aortic dissection were defined as not useful (
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RESULTS
Our search yielded 792 titles and abstracts for screening (see Data Supplement S1, Table A-1, for search strategy). The full text of 60 articles met the eligibility criteria, and these articles were retrieved ( Figure 1 ). Inter-rater agreement for selecting the manuscripts for full-text review was excellent with a kappa of 0.89 (95% CI = 0.82-0.95). Detailed characteristics of all included studies are presented in Table 1 . For each variable evaluated, data were extracted from one to seven studies; the total number of studies included (n = 9) providing data for each variable, and the total number of patients enrolled in those studies are presented in Table 2 . Forest plots of included studies are presented in Figure 2 . Risk of bias for each included study is shown in Data Supplement S1, Figure A-2. All studies enrolled consecutive patients presenting with pain and a clinical suspicion for acute aortic dissection.
Characteristics of Included Studies
Results of the quality assessment are shown in Data Supplement S1, Figure A-2. The overall quality of the included studies is considered acceptable for the majority of the quality items. The lowest rated item was the adequate description of the clinical features to allow reproducibility. Most studies did not give sufficient definition of the clinical feature for which they collected data. For example, acute onset pain-it is unclear over what period of time the clinician would define acute (1 minute, 5 minutes, 30 minutes, or <1 hour). Adherence to the STARD reporting guidelines was overall poor with only four of nine reporting on most items. 24 The prevalence of aortic dissection varied between studies ranging from 21.9% to 76.1% (mean AE SD = 39.1% AE 17.1%). The majority of studies were prospective in design (n = 6) with participants recruited from the ED (n = 5; Table 1 ).
Accuracy of Clinical Examination in
Diagnosing Acute Aortic Dissection Risk Factors. History of hypertension was a weak predictor of aortic dissection (n = 7, specificity = 37%-64.1%, LR+ = 1-1.53, I 2 = 47%, sensitivity = 26 Chan, 1991 43 Fan, 2010 44 Eagle, 1986 6 Enia, 1989 27 Giachino, 2013 46 Keren, 1996 45 Nazerian 
56.2%-80%, LR-= 0.61-1, I 2 = 84%). A history of diabetes reduced the probability of aortic dissection (n = 3, specificity = 85%-87%, LR+ = 0.13-0.69, I 2 = 48%). Connective tissue disease was a poor predictor (n = 3, sensitivity = 5%, LR-= 1.11, 95% CI = 0.67-1.83, I 2 = 0% specificity = 84%-97%, LR+ = 0.09-16.54, I 2 = 84%). History of ischemic heart disease did not predict acute aortic dissection (n = 1, sensitivity = 68.1%, LR-= 0.39, 95% CI = 0.18-0.88, specificity = 12%, LR+ = 1.29, 95% CI = 1.14-1.45; Table 2A, Figure 2A ).
History. Syncope was a weak predictor of aortic dissection (n = 4, specificity = 87%-98%, LR+ = 1-2.4, I 2 = 35%). There was significant statistical heterogeneity in included studies reporting of pain characteristics, which prevented pooling of estimates. Severe pain (n = 3, sensitivity = 46%-86%, LR-= 0.31-0.68, specificity = 45%-80%, LR+ = 1.47-2.29, I 2 = 95%), acute onset (n = 4, sensitivity = 34%-88%, LR-= 0.30-0.98, specificity = 22%-83%, LR+ = 1.01-2.60, I 2 = 95%), and back pain (n = 5, sensitivity = 32%-56%, LR-= 0.64-0.99, specificity = 46%-98%, LR+ = 1.04-23.14, I 2 = 95%) were associated with aortic dissection but none had consistently reported LR+ or LR-to help differentiate aortic dissection from alternative pathology. Chest pain, abdominal pain, tearing pain, and migrating pain were not strong predictors of aortic dissection (Table 2B, Figure 2B ).
Physical Examination. Findings suggestive of acute aortic dissection were focal (motor and/or sensory) neurologic deficits (n = 3, specificity = 95%, LR+ = 4.34, 95% CI = 3.33-5.65, I 2 = 0%), pulse deficit (n = 3, specificity = 91%, LR+ = 2.48, 95% CI = 1.51-4.09, I 2 = 0%), and hypotension (blood pressure [BP] < 90 mm Hg/signs of shock; n = 4, specificity = 95%, LR+ = 1.2-4.3, I 2 = 42%). For identifying patients less likely to have aortic dissection, no risk factor when absent conferred a LR-of 0.5 or lower.
Hypertension on presentation (BP > 150 mm Hg), murmur of aortic insufficiency, and pulmonary edema were not strong predictors of acute aortic dissection. No studies reporting the diagnostic accuracy of interarm BP differential were found. Von Kodolitsch et al. 1 and Nazerian et al. 25 both indicated a high specificity (90%, 99%) and a poor sensitivity (23%, 38%) for the combination of interarm pulse differential (difference in character of pulse between arms) and/or bilateral BP differential of >20 mm Hg. Three studies (Enia et al., 27 Armstrong et al., 26 Eagle et al. 6 ) reporting on pulse differential alone had similar diagnostic accuracy (specificity = 82%-95%; Table 2C, Figure 2C ).
Investigations. Patients with a normal mediastinal width (<8 cm) were less likely to have acute aortic dissection (n = 5, sensitivity = 76%-95%, LR-= 0.136-0.600, I 2 = 93%) heterogeneity prevented pooling of estimates. Elevated white blood cell count (>15 g/dL) reduced likelihood of aortic dissection (n = 1, specificity = 78%, LR+ = 0.37, 95% CI = 0.20-0.68). Ischemic changes on electrocardiogram were not helpful (Table 2D , Figure 2D ).
Clinical Prediction Rules.
Two clinical prediction rules were found, the American Heart Association aortic dissection detection (AHA ADD) risk score and Von Kodolitsch three-variable rule. This rule included aortic pain (immediate-onset tearing or ripping pain), mediastinal/aortic widening on chest x-ray, or pulse/BP differential. The absence of all three variables reduced probability of aortic dissection (n = 1, sensitivity = 96%, LR-= 0.07, 95% CI = 0.06-0.09). The presence of all three variables increased the probability of acute aortic dissection (n = 1, specificity = 100%, LR+ = 65.79, 95% CI = 4.08-1061.4). No validation studies of the rule were found ( Table 3 ).
The second rule was the AHA ADD risk score (Table 3 ). This was derived by expert consensus. The AHA ADD risk score has been prospectively validated in one high-quality study. Statistical Heterogeneity. Historical features of pain demonstrated significant heterogeneity, which prevented combining studies. Due to the low number of studies included, we were unable to perform any meaningful analysis of the cause of this heterogeneity. 28 
DISCUSSION
Principal Findings
This systematic review and meta-analysis illustrates history and physical examination can be used to help AHA ADD risk score = American Heart Association aortic dissection detection risk score; LR+ = positive likelihood ratio; LR-= negative likelihood ratio. increase the probability of acute aortic dissection but in isolation cannot reduce the probability. Combining specific examination features can increase their ability to rule out acute aortic dissection, but no rule has been prospectively validated with sufficient diagnostic accuracy to allow use in clinical practice.
In Context of Current Literature Our conclusions are similar to the IRAD database and review by Klompas in 2002. 9 Pulse deficit, hypotension, and a neurologic deficit can alter the probability of aortic dissection. Pulse deficit and neurologic deficit increases likelihood of aortic dissection, the addition of the study by Nazerian et al. 25 narrows the CIs of Klompas 9 and modifies the LR+ for pulse deficit from 5.7 to 2.48 and for neurologic deficit 6.6 to 4.34 indicating they are useful but not as strong predictors as previously thought. Chua et al. 4 performed a 10-year retrospective cohort study on cases of aortic dissection that were initially misdiagnosed. They found absence of pulse differential increased the odds of a missed diagnosis of acute aortic dissection. Pulse differential, neurologic deficits, and hypotension all have excellent specificity. However, the prevalence of each finding is rare, 31, 25, and 8%, respectively. 3 Therefore, although the presence of these findings helps increase clinical suspicion for aortic dissection, the absence of these clinical findings cannot exclude aortic dissection. In addition no study describes exactly what the definition is for pulse deficit. Is it complete absence of the pulse or merely diminished? One would assume that it is any palpable difference between limbs. In addition the assumption would also be absence of a pedal pulse with presence of all proximal pulses would not qualify, as this is very unlikely to be as a result of a dissection flap.
Acute-onset pain is a classically reported feature of aortic dissection; Klompas 9 concluded that its absence had a good LR-of 0.3 (0.2-0.5). We found a significant level of heterogeneity between studies in the literature, with a LR-ranging from 0.3 to 0.98 with CIs crossing 1 in all but two studies. The IRAD database reports a sensitivity of 95.4%, which is markedly higher than any of our included studies (34%-88%). This likely represents the difficulty in standardizing a definition of historical features in prospective studies and the potential for inaccuracy in retrospectively collected data from patient charts. Taking our results in context of the IRAD database and the review by Klompas, it is likely that absence of acute-onset pain does lower the probability of acute aortic dissection, but the degree of reduction is unclear.
Routine laboratory tests including white blood cell count are not helpful in the diagnosis of acute aortic dissection. Troponin was not specifically explored in this review. Although troponin may be elevated with aortic dissection it is far more likely that a positive troponin is related to primary cardiac pathology. 29 However, almost 50% of misdiagnosed aortic dissection are thought to be acute coronary syndrome. 8 Therefore, if clinical features suggest an aortic dissection a positive troponin should not dissuade from ruling out this diagnosis.
Combining History and Examination Features Increases Diagnostic Accuracy
Overall elements of history and physical examination combined in the AHA ADD risk score performed better than in isolation. However, 5.9% of patients classified as low risk (AHA ADD risk score 0) were diagnosed with aortic dissection. Therefore, it cannot be used in isolation to rule out acute aortic dissection and further testing is required to reduce the posttest probability below an acceptable level. Nazerian et al. 25 investigated the addition of no widened mediastinum on chest x-ray to an ADD risk score of 0 but this only reduced the prevalence of acute aortic dissection to 5.8%. Therefore, absence of a widened mediastinum in a low-risk group does not rule out aortic dissection. Although we found absence of widened mediastinum showed some ability to reduce odds of aortic dissection, the LR-ranged from 0.3 to 0.6 crossing the threshold of 0.5 indicating it may not be useful. The marked heterogeneity seen in included studies could partially be explained by varying methods of chest x-ray image acquisition. Studies did not report the number of portable versus nonportable x-rays. Portable x-rays artificially increase the size of mediastinum width thus are unreliable for its assessment. 30 Therefore, this review confirms recommendations made by the American College of Emergency Physicians 2015 guideline for the diagnosis of acute aortic dissection. The guideline gives level C recommendations: "In an attempt to identify patients at very low risk for acute non-traumatic thoracic aortic dissection, do not use existing clinical decision rules alone. The decision to pursue further workup for acute non-traumatic aortic dissection should be at the discretion of the treating physician." 31 There have been numerous meta-analyses on D-dimer for the diagnosis of acute aortic dissection and therefore it was not included in this study. Sensitivity ranges from 94% to 98% and specificity = 42-56%. [32] [33] [34] [35] Gorla et al. 36 and Nazerian et al. 37 retrospectively studied the addition of D-dimer (Gorla et The potential issue with applying this in clinical practice lies in the poor specificity of D-dimer and a lack of prospective validation of its use in decision making. There is no evidence that incorporating the use of D-dimer into clinical decision making would result in adequate sensitivity in exclusion of aortic dissection without drastically increasing the number of patients undergoing CT. That being said, D-dimer has a similar strength of evidence for its use as does any other sign or symptom we currently use in clinical practice. Specificity for pain migrating to the back ranges from 39% to 69%, acute-onset pain 39% to 81%, and severe pain 46% to 80%. Therefore, as suggested in the European Society of Cardiology guidelines on the investigation of acute aortic dissection, it is reasonable to use D-dimer in those with recent onset pain together with history, physical examination, and the likelihood of an alternate diagnosis to generate a clinical probability to guide further investigation.
LIMITATIONS
The strength of included studies is that all patients underwent the reference standard to confirm the diagnosis of aortic dissection. The fact that participants required the criterion standard to be enrolled in the studies could have introduced partial verification bias.
14 Patients with positive index tests (signs and symptoms of aortic dissection) are more likely to get the criterion standard, and only patients who get the criterion standard are included in the study. This would result in falsely increasing sensitivity and decreasing specificity.
Reference standard varied between studies. Aortography was part of the criterion standard in two studies; its sensitivity is lower (97.2%) than that of CT (100%) but still sufficient for diagnosis. 38 We included a study by Enia et al. in 1989 27 that used aortography as a diagnostic modality. There is a potential for missed cases due to the lack of availability of imaging in 1989 and the lower sensitivity of aortography versus CT. We performed a sensitivity analysis excluding the study by Enia et al. 27 from the analysis but it had no effect on our summary estimates. The prevalence varied across studies reflecting a variation in practice of imaging for aortic dissection but also the increased access and use of imaging over time. Prevalence decreased from 76% in 1986 to 28% in 2014. Sensitivity depends on the spectrum of disease, and specificity depends on the spectrum of nondisease in the sample population. The lower prevalence populations likely include a more "well" nondisease population (those without aortic dissection) and thus will have a higher specificity than a sicker nondisease population. This is seen in the study by Nazerian et al. 25 (prevalence 28%); acute-onset pain has a much higher specificity than in the higher prevalence studies (Armstrong et al., 26 Von Kodolitsch et al., 1 or Chan). Flow and timing were not routinely reported in studies. Interventions were also not reported such as pain control or fluid bolus. These could affect the presence or absence of clinical features such severe pain, hypotension, or pulse deficit.
We included only studies of high methodologic quality, excluding those that potentially artificially inflated diagnostic accuracy (case-control studies, case series); this is a strength compared to the 2002 JAMA review.
14 However, study prevalence was still extremely high ranging from 22% to 76%, this limits the validity of applying these results in practice. If we have a population in which one in five or greater are at risk of an aortic dissection no clinical sign or symptom is likely to have adequate diagnostic accuracy to sufficiently rule out aortic dissection. The low number of included studies reduced our ability to investigate sources of heterogeneity and publication bias. We performed an extensive search of the literature using a librarian-assisted search strategy of multiple databases. However, four of the final studies were found on reference search of included studies. We performed a second broader search strategy (only including search items 1-6 in Data Supplement S1, Table A-1), which included the missed articles and did not find any additional papers; therefore, we are confident that no highquality relevant papers were missed. There were few cases of intramural hematoma and penetrating atherosclerotic ulcers present in the included studies.
Future Research
Future research should focus on multicenter prospectively collected data on those with a suspicion for acute aortic dissection. Clear definitions of clinical and examination features need to be decided upon.
To improve the quality and reproducibility of diagnostic accuracy studies of clinical features for acute aortic dissection the STARD criteria should be standard of reporting. 39 Accuracy of history and physical examination needs to be confirmed in a broader population including those who do not undergoing advanced imaging, in addition reliability of history and physical examination findings need to be confirmed. D-dimer, given its consistent diagnostic accuracy across studies, will likely play a future role in the diagnosis of aortic dissection; however, criteria need to be defined on who should be risk stratified further with this test. Indiscriminate ordering of this test would likely result in significant increase in resource utilization.
The AHA ADD score indicates that it is possible to improve diagnostic accuracy by combining simple bedside historical and physician examination features. However, this expert consensus-derived rule is not sufficiently sensitive to be used in clinical practice. It is difficult to prospectively derive a clinical decision rule due to the low incidence of the condition, and second it would be difficult to define inclusion criteria. An alternative methodology to the classic prospectively derived clinical decision aid is required. There is potential in using a large registry such as the IRAD database and a case-control design; however, issues such as nonrepresentativeness and nonrandom recruitment of controls remain challenging. Decision aids have been found to increase patient knowledge and engagement in decision making and decrease health care utilization when used for shared decision-making (SDM) conversations. 40 The 2015 consensus conference on ED imaging included nontraumatic chest pain (including aortic dissection) as the number one priority for clinical decision rule derivation. 41 Decision aids can help patients understand and remember the evidence presented in a SDM conversation as well as communicate their personal preferences. Decision aids provide information about the nature of options and their attributes. Decision aids have been found to increase patient knowledge and engagement in decision making and decrease health care utilization when used for SDM conversations in the ED. 40 The 2016 Academic Emergency Medicine consensus conference on SDM in the ED defined a lack of definitive evidence regarding the optimal choice for investigation as a potential area for SDM. Therefore, it would seem that proceeding to advanced imaging in the investigation of acute aortic dissection is an excellent candidate for SDM. In the absence of a validated clinical decision aid or a validated SDM process there is no clear guidance on how to frame this conversation. However, there is a general agreement that clinicians should acknowledge uncertainty and transparently discuss it with their patients. The ideas that emerge from this dialogue have been referred to as "shared-mind"-a collaboration and understanding between clinicians and patients and families that improves decision making. 42 
CONCLUSION
What we can take from this study and translate into practice is that in the appropriate clinical setting, suspicion for acute aortic dissection should be raised when patients present with findings that have a high specificity and high positive likelihood ratio (hypotension, pulse deficit, or neurologic deficit). Conversely, findings with a high sensitivity and low negative likelihood ratio (a low American Heart Association aortic dissection detection score) decrease likelihood of aortic dissection in patients with chest pain. Further investigation for acute aortic dissection should be guided by evidence-informed clinical suspicion and through a shared decision-making process with patients.
